In this experiment we investigated the role of the lexical status (word/non-word) of the target item in the determination of phoneme and syllable detection times. Subjects monitored either the initial stop consonants (/b/, Id/, /p/) or the initial CV syllables (/ba/, /de/, /pi/) in bisyllabic target items (word/non-word) in mixed lists. The lexical status of the target item did not introduce significant differences for phoneme or syllable detection times. However, significant differences were found between the phoneme and syllable detection times. In addition, a strong correlation between the phoneme and syllable RTs for each item (word/non-word) was obtained. The first result shows that subjects can respond to both initial phonemes and syllables prior to lexical access. The second result suggests that phoneme detection is highly dependent on syllable identification.
According to a traditional point of view, the perception of speech is seen as a series of processing stages during which smaller units are combined to create larger ones. This bottom-up perspective assumes that there are in the signal invariant acoustic cues corresponding to the smallest perceptual unit, the phoneme. The failure to discover these acoustic invariants has led certain investigators to question the validity of this theoretical perspective. Savin & Bever (1970) , on the basis of observed differences between item initial phoneme and syllable detection times, concluded that syllable recognition precedes phoneme recognition. More precisely, the authors suggest that the phoneme is not directly perceived but is derived from an analysis of the syllable. The hypothesis according to which the recognition of higher units precedes that of immediately lower level units was generalized by Foss & Swinney (1973) to the identification of other linguistic units. Thus, they state, 'smaller units are identified by fractionating larger ones ' (p. 254) . This hypothesis leads to the prediction that phonemes and syllables are identified by fractionating words. The results obtained by Morton & Long (1976) support this view. Indeed, Morton & Long demonstrated a relationship between phoneme detection times and the transitional probability of the target words. In another study (Rubin eral., 1976) , subjects were presented sequences of monosyllabic items (words or non-words) and were asked to detect either of the two following item initial phonemes: /b/ or Is/. When the subjects received mixed sequences of words and non-words, the detection times for phonemes in words were significantly shorter than those in non-words. The word facilitation effect for phoneme detection led the authors to conclude that lexical access precedes phoneme detection.
More recently, however, have reported a series of phoneme monitoring results within sentences that are inconsistent with those obtained by Rubin et al. (1976) . In one experiment the lexical status (word/non-word) of either the target-beari.ng item or the item preceding the target was manipulated. The results indicated that the lexical status of the pre-target item, the item immediately preceding the target, and not that of the target item itself affected the detection times. In a second experiment, the frequency of the pre-target and target words varied. Similarly, the RTs were affected only by the frequency of the pre-target word. The important role that the pre-target word plays in the determination of phoneme detection times has been found in other studies (Mehler et al., 1978; Newman & Dell, 1978) . The absence of an effect of either the frequency or the lexical status of the target item was taken by the authors to show that phonemes are generally detected on the basis of a bottom-up or (prelexical access) 'phonetic code'.
However, according to their 'dual code' hypothesis (which resembles the race models proposed in Newman & Dell, 1978, and in Cutler & Norris, 1979) , phonemes can also be identified on the basis of a (postlexical access) 'phonological code' when they are in words which are highly predictable from the linguistic context. While the 'dual code' hypothesis can account for the results obtained by Morton & Long (1976) , it would not predict those obtained by Rubin et al. (1976) , since the target words were in sequences where there was no predictive context. However, offer an alternative explanation for these results in terms of the unusual task used: subjects were required to make a choice response (a different response key for each phoneme). The complexity of this task led to an increase in the momentary processing load, thereby forcing the subject to use the postlexical access 'phonological code' rather than the more ephemeral 'phonetic code'. Another potential problem of the studies by Rubin et al. (1976) concerns the use of monosyllabic items, which makes differentiating between syllabic and lexical access impossible.
The distinction between syllabic and lexical levels is critical for testing the principal hypothesis advanced here, according to which both item-initial phonemes and syllables are generally detected prior to lexical access. While this view is inconsistent with the generalized hypothesis of Foss & Swinney (1973) , it is in accord with the 'dual code' hypothesis.
Our secondary hypothesis which holds that phoneme recognition depends on prior syllable identification is in disagreement with the 'dual code' hypothesis. According to a recent version of this hypothesis , the representation of the speech signal is computed in terms of phoneme-sized units via strictly bottom-up processes.
sequence of phonemic segments depends on the syllabic status of this sequence in the target word. Faster reaction times are observed when the sequence corresponds to a syllable in the word. For instance, the sequence /pa/ is detected faster than the sequence /pal/ in the word 'pa-lace'. The inverse result was obtained for the same targets in the word 'pal-mier'. These results suggest that the speech signal is computed in terms of syllable-sized units. Thus, syllables may be processed via a bottom-up analysis, whereas phonemes are derived from syllabic units. In our perspective the syllable constitutes the major point of departure from which phonemes can be identified (if the task so requires) and from which the higher level lexical units can be accessed (Mehler el al., in press b).
In the experiment presented here, bisyllabic items whose lexical status is determined by the second syllable were used. With bisyllabic items the possible effect of lexical status on detection time can be measured not only for the initial phonemes but also for the first syllable.
However, in a recent study (Mehler et al., in press a) it was shown that the time to detect a Method Subjects Twenty adults in the Parisian university community served as subjects. Ten were assigned to the first list (phoneme monitoring) and the remaining 10 received the second list (syllable monitoring).
Materials and apparatus
Six monomorphemic bisyllabic words of C,V,C,V,(C,) structure were selected for each of the three following C,V, syllables: /pi/, /ba/, /de/. For each of these 18 words of approximately the same frequency, a matching non-word respecting French phonological rules was created by altering C , by one or two distinctive features (generally voicing). Sample items and targets are presented in Table 1 .
The targets (both words and non-words) were included as the last item in 36 experimental sequences with the word and matching non-word always in the same position in their respective sequences. This position varied from 2nd to 5th. Thus, the experimental sequences were composed of given sequence were an approximately equal number of mono-, bi-, and trisyllabic words and non-words. Another 3 experimental sequences each containing one of the monosyllabic targets were constructed with similar fillers. In addition 21 distractor sequences (constructed in the same way as the experimental ones) were produced. In these sequences the position of the target item varied from 1 to 6 with some sequences that had no target at all. These distractor sequences were used to prevent the subject from anticipating target positions. No sequences contained more than one target item. The initial phoneme of the pre-target and target items always differed by more than three distinctive features. The vowel environments (Vl) for certain distractor target items were different from those of the experimental target items (mismatch condition; pa. . . , be. . . , pC. . .).
The 60 sequences were arranged in random order along with 8 warm-up sequences into a list. This list was recorded by a female native speaker of French at a normal rate using a two-track Ampex AG 440B tape-recorder at 15 in/s. Items within a sequence were separated by 2 s intervals while sequences were separated by 5 s. The entire set of materials is listed in the Appendix.
On the two prepared tapes each sequence was preceded by a target specification: for the phoneme list (List I) a place whose name begins with the target phoneme was pronounced. The place name was chosen such that it always began with a consonant cluster to prevent the subject from extracting the first syllable of the place name: /b/ as in 'Bretagne'. For the syllable list (List 11) the targets were also specified with a place name: /ba/ as in 'Babylone'. These two separate lists were used in order to avoid presenting the same subject with an identical item for each target type.
The subjects' RTs were measured by the electronic clock in a PDPl2 which was triggered by a click placed on the inaudible channel of the tape. Clicks were aligned manually by running the tape back and forth across the playback head. A correction for each click was then measured by means of a two-chamel oscilloscope and edited into the data collection program.
Procedure
Subjects received written instructions explaining that they were going to hear a series of sequences made up of a varying number of real and nonsense words. Subjects were instructed to respond to the items beginning with the target specified before each sequence with a place name (/b/ as in ' Bretagne') by pressing a key as fast as possible. Subjects, tested individually or in pairs, received the experimental tape during sessions that lasted about 20 min.
Results
The mean reaction times for each subject and for each item were computed. Reaction times which were shorter than 100 ms and longer than 1000 ms were omitted from the calculation of the means. The omitted data made up 4.0 per cent of the data for phonemes and 4.6 per cent for the syllables. No difference in the number of omissions for words and non-words was found on either tape.
The overall means found in Table 2 show that the lexical status (word or non-word) of the target item did not lead to reaction-time differences for either phonemes or syllables.
A two-way analysis of variance taking the subjects as the random variable and the target type as the inter-subject factor and lexical status as the intra-subject factor was conducted. Only the first factor introduced a marginally significant difference, F = 3.55, d.f. = 1, 18, P -= 0.10 (F < 1 for lexical status and interaction). Another analysis of variance taking the 17-2 the relatively small number of subjects in the two independent groups. Given the total absence of interaction a one-tailed t test for independent groups was performed giving a significant result (t = 1.8, d.f. = 18, P -= 0.05). It is important to note that the mean differences between phoneme and syllable detection times (62 ms for words and 65 ms for non-words) are comparable to those obtained by other investigators (Savin & Bever, 1970; Foss & Swinney, 1973) . Table 3 presents the results for the three categories of items used. While there is a definite effect of the target type (phoneme vs. syllable), no such effect is found for the lexical status of the target item.
The weakly significant effect found in the first analysis of variance is certainly related to Table 3 also shows the existence of a correlation between the phoneme and syllable RTs for the different categories: RT: /de/c/ba/c/pi/. In order to determine the strength of this correlation between phoneme and syllable reaction times a Bravais-Pearson correlation coefficient was calculated for all the 36 items used: (18 words and 18 non-words), r = 0.62, P < 0.01. The correlation was significant for the words (r = 0.54, P < 0.02) and for the non-words (r = 0.68, P < 0.01). The results for monosyllabic target items (shown in Table 4 ) reveal the same tendencies as those obtained when these syllables appear in bisyllabic items. Indeed, the same order between the RTs for the different categories of items (/de/ < /ba/ < /pi/) was obtained as well as an effect of target type (RT syllable < RT phoneme).
Discussion
The results of this experiment clearly show that the detection of both phonemes and syllables does not depend on the lexical status of the bisyllabic item in which they are found. Thus, initial phonemes and syllables can be detected before lexical access. These results are consonant with those obtained by and can be explained in terms of the 'dual code' hypothesis. This hypothesis assumes that, in the absence of predictive context, listeners can respond to word initial phonemes on the basis of a prelexical (phonetic) code.
However, the fact that syllables are detected more rapidly than phonemes appears to be inconsistent with this purely bottom-up account. Indeed, it has been claimed that the syllable is perceived (Savin & Bever, 1970) or identified (Foss & Swinney, 1973) before the phoneme and that identification of the latter depends on analysis of the former. This line of reasoning has received a considerable amount of criticism by investigators who have proposed alternative explanations. Healy & Cutting (1976) have insisted on differences in identifiability of the different units. McNeill & Lindig (1973) interpreted the difference between phoneme and syllable detection times to be the result of the distance in linguistic level between the target and the search list. Finally, in two recent studies, this difference has been attributed either to the uncertainty concerning the syllabic context of the phoneme target (Swinney & Prather, 1980) or to the mismatch between the target and the stimulus (Mills, 1980) . However, there are some serious problems with these studies, as has been pointed out elsewhere (Mehler et al., in press b) . Indeed, the experiments using a target-stimulus match with constant vowel environment (McNeill & Lindig, 1973; Swinney & Prather, 1980; Mills, 1980) confuse syllable and phoneme monitoring. The subjects most probably make use of the same syllabic target representation for both conditions even if from an experimental point of view different targets are given. Therefore, a target-stimulus mismatch condition as found in our experiment constitutes a necessary condition for comparing phoneme and syllable detection times.
or syllable in a word does not require prior access to that word. Furthermore, the recognition of a phoneme seems to depend on the previous recognition of the syllable to which it belongs. This interpretation gains support from a recent study by Blumstein & Stevens (1980) who, using brief synthetic stimuli as short as 1WOms sampled from the onset of the CV syllable, demonstrated that these stimuli generally contained sufficient information for both C and V identification. This result is taken by the authors to show that 'the brief stimulus signals the identity of the syllable, which is processed by the listener as a unitary percept on a single event. Having identified the syllable, the listener is then able to indicate its consonantal and vocalic components ' (1980, p. 660) . On the basis of these results and others recently obtained on lexical access it appears that the syllable plays a critical role in the perception of speech. Indeed, in accordance with our hypotheses, the syllable can be seen as the structural unit from which both higher and lower level analyses originate.
In conclusion, the results obtained here indicate that the recognition of the first phoneme
